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Description 



Baci<ground of the Invention 
Field of the Invention 

The present invention is directed to a novel composition that is useful as a lut)ri«nt additive. Particular 
the oresent invention relates to a lubricant additive composition that is charactenzed by antwear and fncton 
SteKr^^^Sties while p«>viding reduced phosphorus levels. More particularly the invention re ates to for- 
mdatton of excelled universal or mixed fleet lubricant oil additive composition (i.e. one that wHl result in a 
ESncLnt meeting the requirements of both heavy duty and passenger car engine tests) which has reduced 
phosXms and Which comprises zinc dialkyldlthiophosphate having both primary and secondary character .n 
combination with a succinimide dispersant. 

Description of the Prior Art 

Internal combustion engines, both gasolineand diesel. have many moving metal parts wherein "^etal slides 
against metal, resulting in r^elal wear. Since wear isa continuing problem ftat is ^oc-ated wrth j^v^ng ^.te 
that contact one another, lubricants are used to provide a reduction in such wear. ^^^^.^^^^^^T^ 

found in internal combustion engines in crankcase bearings and on piston nng and cirfinder wall surfac^ 
S irSal ~mbustion engines. Relatively high rates of wear can take place In heavy duty engines, such as 

'"t~<SnanrrnereS^^^^ 

their use in inferna combustion engines to form preducts. some of which are corresnre and some of wh ch 

agjomerate to form sludge-like deposits and vamish-likedeposils. Such sludgy 

cinkcase lubricant fe subjected to alternate hot and cold environments, which are P^^^"* 

and-go driving. Sludge is a complex mixture of fuel combustion products, unbumed fuel, carbon, lead antH<nodc 

Su«3water and. if not maintained in fine suspension in the lubricating oil. will deposit on eng.ne parts. 

Such deposits are deleterious to engine performance. j»»„,i„„t:«„ 

Various additives and additive fbrmulatfons have been added to lubricating oils to m.mm.ze deter oreton 
and to enhance perfomiance. Such materials, as neutral and over-based metel long cham subs^to^ted su^ 
fonates. phenates. salicylates, and phosphonates and thiophosphonates have been ^^^'^^^ 
and/or detergent-dispersants. Materials, such as polymers and/or copolymers containing a carboxy^ate e Jer 

Sonand^oneorm'ore polar functions. N-substituted long chain -'-^-y' t^^ihltlJ^ircrr^^^^^ 
amides and polyamides. high-molecularweight esters and polyesters, and amme salteofhigh-molecu^ar^^^^^^^^^ 

oSanic acidV^have been added as ashless dispereants to disperse the cold sludge fonnn^ V"il^°'^^f:?; 
llm conditions. Materials, such as metal drthtophosp hates, metal dithtocarbamates. suHiinzed teo^nes. and 

phZh^ulfurized terpenes. have been added as corresion inhibitore. In addition. «f ^^^^^ 

fncorporeted often into the lubricant compositiontofurnishortoenhanceantiwear and frK^n retention p^^ 

ie^S that composition. Examples of art describing such lubricating oil composrtK)ns are discussed hereirv 

S Patents 532.626. Rowe discloses lubricating oil compositions that contain a small amount of a mixt- 
ure of a metal salt of an 0.0-diorgano^)hosphorodithtoate and a bor<«.yl compoun^^^ 

An example of such mixture is a mbdure of zinc. O.O-diisopropylphosphorodithioate and ^^V^'^^^ 
borexarephenanthrene. The amount of the mixture is sufficient to improve anhwear properties of the comp<> 

^'*'°rn U S Patent 3.533.945. Vogel discloses the improvement of the lubricating properties of a lubricating oil 
by incorporating therein a boron-containing ester that is a combined boron esteralkenyl s"<^inteac'd ester 
a polyhydric al^hol that is prepared by the process comprising the reaction of a P^'V^V^^^'^^^^^;"^^^^ 
a ^«:lnic acid-producing compound and a boren reactant Vogel discloses that such boron-conlaining estere 
are u"^."teraila. as cSrrosion-inhibiting agents, extreme pressureagente. ^'^^^^^^'^^^^^J^^V'^ 

In U.S. Patent 3.544,465, Braid discloses lubricant compositions conteming esters of 0.0-diorgano-s>-i-4- 
hydroxyalM) phosphorodithioates. which are antioxidants and corrosion inhibitors. 

In U S Patent 4.557.844. Horodysky discloses the use of certain boron-, phosphorus-, and nitrogen-con- 
taining reaction products as antioxidante and antifriction agents in lubricants and fuels. T.h.=.HHi«v». 

In U S Patent 4.534,873. Qaric discloses a friction-reducing additive for use in lubncating oils. The additive 
comprises a hydrocarbon oil of lubricating viscosity, an extreme pressure antiwear agent, an ^J^^^jf' 
such as an overbased calcium sulfonate, a viscosity index improving agent, and optionally an antifbam agent 
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and an antioxidant agent Clark teaches that the antiwear agent comprises a mixture of an oil dispersion of 
solid, inorganic film-fomiing potassium borate, antimony dialkylphosphorodithioate, and a liquid chlorinated 
paraffin. 

In U.S. Patent 4,431,552, Salentine discloses a lubricating oil composition having improved wear proper- 

5 ties, which composition comprises an oil of lubricating viscosity having dispersed therein a hydrated alkali-metal 
borate extreme-pressure agent and an effective amount of a mixture of a non-sulfur-containing phosphate, a 
monothiophosphate, and a dithiophosphate, the mixture of phosphate, monothiophosphate, and dithiophos- 
phate being in the ratio of 0.90-10:0.90-1.10:0.47-0.67. 

In U.S. Patent 4,368,129, Hyrodysky, et al., disclose a lubricating oil composition comprising an oil of lub- 

to ricating viscosity and a minor amount of a multifunctional additive consisting of the metal salt of a partially 
borated, partially phosphosulfurized hydroxyl-containing ester derived firom a polyol, e.g., a zinc salt of berated, 
partially phosphosulfurized glycerol monooleate. The additive is an effective friction-reducing, antioxidant, and 
copper strip passivating additive in lubricants. 

Occasionally, certain additives will deleteriously affect the ability of certain other additives to perform their 

IS normal function. For example, overbased Group II metal hydrocarbyl sulfonates are effective detergents or dis^ 
persants and nonmal metal salts of dihydrocarbyldithiophosphoric acids are suitable antiwear additives. How- 
ever, when these two additives appear in the same lubricating oil, the presence of an overbased Group II 
hydrocarbyl sulfonate will tend to deleteriously affect the effectiveness of the nonmal metal salts of the dihyd- 
rocarbyldithiophosphoric acids to provide sufficient wear protection in the internal combustion engine which 

20 employs that particular lubricating oil as its lubricant. In U.S. Patent 4,483,775, YamaguchI discusses this prot>- 
lem and suggests that the detrimental effect of the overbased calcium hydrocarbyl sulfonates on the wear of 
metal parts in the internal combustion engine can be overcome by adding to the lubricating oil containing these 
nnaterials an effective amount of a complex prepared by reacting an insoluble metal salt of a diisopropyl 
dithio phosphoric acid with an oil-soluble alkenyl or alkyi mono- or bis-succinimide in specific amounts. 

25 In U.S. Patent 4,483,775, Yamaguchi also points out that there is another problem that is associated with 

the use of phosphorus-containing additives in lubricating oils. The phosphorus can have a deleterious effect 
upon the catalysts that are employed in the emissions control systems of internal combustion engines of auto- 
mobiles. Hence, if the overbased metal hydrocarbyl sulfonates tend to offset the effectiveness of the metal 
dihydrocarbyldithiophosphates, additional amounts of the metal dihydrocarbyldithiophosp hates must be 

30 employed and such increased amounts of these additives will introduce additional amounts of phosphorus into 
the lubricating oil. While the effectiveness of the metal dihydrocarbyldithiophosphates relative to its antiwear 
performance is improved, the side result will be a reduced life for the catalytic converter system of the auto- 
mobOe. Consequently, the automobile manufacturers are interested in finding ways of minimizing the amount 
of the metal dihydrocarbyldithiophosphates in the lubricating oils without deleteriously affecting the antiwear 

35 performance provided by the lubricating oil. 

Other background art includes EP-A-020674 and EP-A-01 31400 EP-A-020674 discloses a lubricating oil 
composition comprising 

(a) an oil of lubricating viscosity; and 

(b) an effective amount of each of the following 
40 . 1. an alkenyl succinimide, 

2. a Group 11 metal salt of a dihydrocarbyl dithiophos phone acid, 

3. a neutral or overbased alkali or alkaline earth metal hydrocarbyl sulfonate or mixture thereof, 

4. a neutral or overbased alkali or alkaline earth metal alkylated phenate, or mixture thereof, and 

5. a borated alkyI catechol friction modifier. 

45 EP-A-0131400 discloses metal salts of one or more dialkyl-phosphorodithioic acids are disclosed wherein: 

A) the alkyl groups each contain from two to four carbon atoms ^nd at least one alkyI group is a butyi group; 

B) the total number of carbon atoms per phosphorus atom is less than 8; 

C) from about 30 to 90 mole percent of the alkyt groups are primary alkyi groups; 

D) from at>out 10 to 70 mole percent of the alkyl groups are secondary alkyl groups; and 

50 E) the metal salt is a zinc, copper or iron salt mbctures thereof, or a mixture of calcium salt and one or more 

of said metal salts; 

provided that when only 2 alkyl groups are present, from about 30 to 80 mole percent of the alkyl groups are 
n-butyi groups, from about 20 to 70 mole percent of the said alkyl groups are isopropyl groups. 

It is generally desirable to formulate an additive composition which is suitable for use In so-called universal 
55 or mixed fleet oils. Such an oil, by definition, is one which is capable of passing a rigorous battery of engine 
tests which measure the perfonmance of the oil for botti passenger car and heavy duty (i.e. diesel) applications. 
However, given the harmful effect on pasenger car catalytic converters of phosphorus (which is typically intro- 
duced into the oil via the anti-wear agent zinc dialkytdithiophosphate) it would be particulariy advantageous if 
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an additive composition suitable for a universal oil could be fonnnulated with reduced levels of phosphorus. 

Prior to the present invention, efforts to fonnulate a low phosphorus universal oil were unsuccessful prim- 
arily because of the difficulty encountered in balancing the often conflicting passing requirements of the various 
engine tests which the industry has established for passenger car and heavy duty oils. For example, heavy 

5 duty oils require a TBN of greater than about 8. However, because the detergent additives typically employed 
to impart TBN (i.e. overbased Group II metal hydrocarbyl sulfonates) tend to reduce the effectiveness of zinc 
dialkyldithiophosphates (ZDDP) wear inhibiting agents, a higher level of ZDDP~and thus a higher level of phos- 
phorus-Is required to pass the wear tests for passenger and heavy duty oils. To complicate matters, heavy 
duty oils must pass certain friction tests which measure the degree to which the oil Impairs friction retention in 

10 the clutch, but as the phosphorus level (i.e as the zinc dialkyldlthiphosphate) is increased to accomodate wear 
performance, passing these friction tests becomes increasingly difficult Our work prior to the present invention 
determined that the minimum phosphorus level in a universal oil that would accomodate the industry's TBN, 
wear and friction requirements for a universal oil is about 0.1 wt %. Reducing the phosphorus level to below 
about 0.1 wt % (i.e. by reducing ZDDP wear Inhibitor) resulted In failing engine wear teste. 

15 In light of the proceeding discussion, a general object of the invention is to provide an additive composition 

which affords passing wear protection for a universal oil at reduced phosphorus levels. Other objecte will appear 
hereinafter. 

Summary of the Invention 

^ According to the present invention there is provided an additive composition for addition to an oil of lub- 

ricating viscosity suitable for passenger car and heavy duty use comprising: (a) zinc dialkyldithiophosphate hav- 
ing both primary and secondary character such that the primary to secondary ratio is 1:1 to 5:1. said mbced 
primary/secondary zinc dialkyldithiophosphate being present in the additive composition in amount such that 
25 a lubricating oil containing an effective amount of said additive composition has a phosphorus content of not 
greater than 0.1 wt %; (b) a succinimide dispersant in such amount that a lubricating oil containing 9 to 12 per- 
cent of said additive composition will comprise at least about 0.5 wt % succinimide; (c) a boron content such 
that a lubricating oil containing said additive composition contains at least 100 ppm boron; and (d) an effective 
amount of basic salte comprising high base magnesium sulfonates and high base calcium sulfonates such that 
30 a lubricating oil containing an effective amount of said additive composition has a TBN within the range of 8 to 
12. Preferably, the molar ratio of primary to secondary alkyi groups in the zinc dialkyldithtophosphate (hereafter 
occasionaly referred to as "ZDDP") is within the range of about 1 .7:1 to about 3.5:1 and preferably about 1 .7:1 
to about 4.5:1. The prefen-ed amount of succinimide dispersant in the additive composition is such that will pro- 
vide at least .5 wt. % of the succinimide in the finished oil and most preferably about .5 to about 3.5 wt %. The 
35 preferred phosphorus level in the additive composition is such as will provide a phosphorus level of about .06 
wt % to about .09 wt.%. The preferred TBN of the additive is such as will provide a TBN in tiie finished oil witinin 
the range of about 8-1 2 and preferably about 9-1 1 . It should be noted that all dispersant amounte are expressed 
in terms of active dispersant absent any diluent except however, in the examples where dispersant amounts 
are expressed in temns of a 40% active material containing added diluent 
40 In a preferred embodiment the additive composition of the present invention has a boron content sufficient 

to provide a boron level in the finished oil of within tiie range of about 100 ppm(wt) to about 600 ppm and pref- 
erably in the range of 150 ppm to 450 ppm. 

Among the advantages of the invention is the ability to reduce the level of phosphorus required in an addi- 
tive composition for a mixed fleet oil despite the requirement of high TBN in such oils, which is necessary for 
passing heavy duty engine cleanliness tests, while at the same time obtaining passing wear pefonmance. 
Reducing the phosphorus in the oil composition.benefite the catalytic converter in passenger cars. Unexpeo- 
tedly. ttie succinimide dispersant required in tfie present invention is critical in accomplishing the reduction in 
phosphorus for the following reasons: In accordance witin the present invention, increasing the secondary 
character of the ZDDP makes it possible to reduce the overall amount of ZDDP (and thus the total phosphorus 
required in the additive and resulting oil) without gwing up passing wear performance. However, in an additive 
composition having sufficient TBN to provide TBN of at least 8 In the finished oil and having a total phosphorus 
(as provided by primary ZDDP) to provide at least about .1 percent phosphorus in the finished oil, the combined 
effect of lowering the total phosphorus and simultaneously increasing the secondary character of the ZDDP, 
while acceptable from the standpoint of retaining engine wear perfomnance, results in failing perfomiance on 
55 the frictton requirements applicable to heavy duty oils (i.e. the Allison C-3 and Caterpiller T02 teste). This prob- 
elm was not entirely unexpected Insofar as it is known that increasing the amount of secondary ZDDP will result 
in a debit in terms of frictional characteristics of the oil. Thus, reductton in the total amount of ZDDP coupled 
with an increase in the secondary character of the ZDDP. was not by Iteelf an acceptable route to reduced phos- 
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p horns in an additive suitable for a universal oil, given the resulting debit in friction performance in the heavy 
duty tests. Surprisingly, in accordance with the present invention » it is only with addition of the succinimide dis- 
persant that friction tests were passed. At the present time, the mechanism for this phenomenon is not well 
understood, however, without limitation, It Is believed that the succinimide interacts in some manner with the 
5 secondary ZDDP so as to counteract the deleterious effects of the secondary ZDDP on the frictional perfomv 
ance of the additive composition. 

Detailed Description and Preferred Embodiments 

10 The additive composition of the present invention must comprise (a) zinc diaikyldithiophosphate having 

both prinrtary and secondary character such that the primary to secondary ratio (expressed in moles) is within 
the range of from about 1:1 to about 5:1, and (b) succinimide dispersant. Also, the total amount of phosphorus 
in the additive, as provided by the ZDDP, must be such that the amount of phosphorus present in a lubricating 
oil containing an effective amount of the additive is not greater than about .1% by weight of the lubricating oil, 

IS and the TBN of the additive composition must be such that a lubricating oil containing an effective amount of 
the additive compositton will have a TBN of at least 8. An effective amount of the additive composition of the 
present invention means a treat level In the lubricant which will allow the oil to pass both heavy duty and 
passenger car tests. 

Of course, other components optionally may be present In the additive composition. For example, there 

20 may also be present mst inhibitors, oxidation inhibitors, and one or more detergents, such as normal or over- 
based sulfurized metal phenates or metal sulfonates. 

The required zinc diallcyldithiophosphate having both primary and secondary character for use in the pre- 
sent invention functions as a conrosion and wear inhibitor. Typically, zinc diaikyldithiophosphate Is prepared 
by forming a dithiophosphoric acid via a reaction of a phenol or an alcohol with phosphorus pentasulfide and 

25 subsequentiy neutralizing the dithiophosphoric acid with a zinc compound, such as zinc oxide. Such preparation 
is well known in the art and is presented, for example. In U.S. Patent 2,261,047 and U.S. Patent 4,483,775. 
This type of diaikyldithiophosphate can be identified by the alcohol that is employed in its preparation. If a prinv 
ary alcohol is employed, the product is referred to as a primary zinc diaikyldithiophosphate. On the other hand, 
if the alcohol is a secondary alcohol, the zinc diaikyldithiophosphate is identified as a secondary zinc dial- 

30 kyldithiophosphate. Suitable primary alcohols for use in the preparation of the primary zinc diaikyldithiophos- 
phate are n-butyl alcohol, n-octyl alcohol, isoamyl alcohol, isboctyl alcohol, and isobutyl alcohol. Suitable 
secondary alcohols are isopropyl alcohol, methyl isobutyl carbinol, 2'-amyl alcohol, and 2-butyl alcohol. If a mixt- 
ure of primary and secondary alcohols Is used, the resulting ZDDP is a hydrid having both primary and secon- 
dary character. In the present Invention the term "zinc diaikyldithiophosphate having both primary and 

35 secondary character" includes any of the following: (a) a zinc diaikyldithiophosphate preparation obtained by 
mixing a desired amount of primary zinc diaikyldithiophosphate with a desired anrK)unt of secondary zinc diai- 
kyldithiophosphate; (b) a zinc diaikyldithiophosphate which results from employing a mixture of primary and 
secondary alcohols in the preparation of the zinc diaikyldithiophosphate; and (c) a zinc diaikyldithiophosphate 
obtained by mixing a primary or a secondary zinc diaikyldithiophosphate with a zinc diaikyldithiophosphate 

40 meeting the definition of (b). Also, in the present invention the terminology "ratio of primary to secondary." or 
"primary to secondary ratio," means the molar ratio of primary alkyl groups to secondary alkyi groups in the 
zinc diaikyldithiophosphate. 

In the case of the additive composition of the present invention, the primary to secondary ratio in the zinc 
diaikyldithiophosphate is within the range of about 1:1 to about 5:1, preferably, within the range of about 1 .7:1 

45 to about 3.5:1. and more preferably, within the range of about 1.7:1 to about 2.5:1. 

The total amount of tiie mixed primary/secondary dialkylditiiiophosphates should be an amount that will 
provide a phosphorus content in the lubricating oil composition not greater than 0.1 wt%, based upon the weight 
of the lubricating oil composition. Preferably, the zinc diaikyldithiophosphate should be present in a total anrK>unt 
that will provide a phosphorus content in the lubricating oil composition that falls within the range of about 0.06 

50 wt% to about 0.09 wt%, and most preferably within the range of about 0.06 wt% to about 0.08 wt%, based upon 
the weight of the lubricating oil composition. 

The prescribed 1°:2" molar ratio in tiie ZDDP used in the present invention is important when one considers 
the object of maintaining the phosphorus content in the additive composition at such a level that a finished oil 
containing an effective amount of the compositton has a phosphorus content of not greater than about .1 wt % 

55 of the finished oil. If the total phosphorus is decreased, then in accordance with the present invention, passing 
wear can be maintained by increasing the 2^ character of the ZDDP. Such an adjustment appears practicable 
where the phosphorus (in tennis of the finished oil) is between about .06 and about 0.1 wt percent Other things 
being equal, as the total phosphorus decreases, increasing the secondary character of the ZDDP provides less 
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and less of an effect in terms of counteracting the loss in wear protection brought about by the reduction in 
phosphorus. The prescribed ratios of 1** to 2**character are based upon this fact, and the desirability of using 
the minimum amount of 2« character In the ZDDP to maintain wear protection (given the deleterious effect of 
the the 2° ZDDP on friction perfonmance). Within the prescribed ratio of 1*':2^ character in the ZDDP (i.e. about 
5 1:1 to about 5:1) the ratio will increase as the total phosphorus (in tennis of the oil) approaches about .1 wt%. 
and will decrease as the phosphorus level apprc>aches about .06 wL%. At a r:2*» ratio of greater than about 
5:1, the presence of 2** character affords little If any ability to decrease the total phosphorus below about .1 wt 
percent of the finished oil. At the lower limit of 1*»:2^ of about 1:1. It becomes Increasingly dlfncult to further 
reduce the total phosphorus, and still pass wear tests regardless how much 2° character is present in the ZDDP. 
10 A second required component of the additive composition of the present invention is a succinlmlde disper- 

sant. Such succinlmlde is an N-substltuted long chain-all^enyl succlnimide. Typically, the allcenyl radical is 
derived from liquid polylsobutenes containing from 50 to 200 carbon atoms. Such a succlnimide is an oil-soluble 
nitrogen containing composition. The preparation of succlnimide dispersants Is Icnown in the art. Anrwng such 
art are U.S. Patents 3,172,892; 3,272.746; and 3,219,666. The disclosures of these patents are incorporated 
IS herein by reference. For example, an acyiated nitrogen intermediate compound is fbmied by reacting a sub- 
stantially aliphatic olefin polymer-substituted succinic-acid producing compount having at least about 50 alipha- 
tic carbon atoms in the polymer substituent with at least about one half equivalent of an amine for each 
equivalent of acid-producing compound used, said reaction being canried out at a temperature within the range 
of about 80°C to about 250^*0. The amine is selected from a group consisting of alkylene amines, hydroxysub- 
20 stituted allcylene amines, and poiyalkylene polyamlnes. 

The polymer substituent of the succinic acid-producing compound is derived conveniently from a polymer 
of isobutene. Typically, the polyisobutene has an average molecular weight that is within the range of about 
700 to about 5.000. Suitable amines are allcylene amines, alkylene diamines having the structure NH2-R-NH2, 
wherein R is an alkylene group having from 2 to 24 carbon atoms, and the so-called polyalkyleneamines. some- 
25 times referred to as alkylene polyamlnes or poiyalkylene polyamlnes, which generally have the structure H2N- 
-(R-NH)nH, where R is an aliphatic hydrocarbon group containing about 2 to about 4 carbon atoms and n is 
an integer from 1 to 10. Representative amines include methylene amines, ethylene amines, butytene amines, 
propylene amines, pentalene amines, ethylene diamine, triethylene tetraamine. propylene diamine, 
decamethylene diamine, octamethylene diamine, di(heptamethylene)triamine, tripropylene tetramine, tet- 
30 raethylene pentamene, trimethylene diamine, pentaethylene hexamlne, di(trimethylene)triamine, eta A prefer- 
red poiyalkylene polyamine is tetraethylene pentaniine (TEPA). 

Preferably the succlnimide dispersant is present in the additive compositton of the present invention in an 
amount sufficient to provide a lubricating oil containing an effective amount of the additive composition at least 
about .5 wt, % by weight of the lubricating oil. While a preferred range is about .5 to about 3.5 the maximum 
35 amount of succinlmlde Is an economic consideration and is not critical In the present Invention. However the 
requirement of at least .5 wt% is critical insofar as lesser amounts fail to provide the desired advantage of pas- 
sing fricttonal tests, in particular the Allison C-3, when phosphorus levels of less than .1 by weight of the lube 
oil. in combination with the 1''y2* ratios discussed above, are employed. 

In addition to the requirements stated above, the additive composition of the present invention comprises 
40 sufficient TBN such that a universal oil comprising an effective treat level of said additive composition is pro- 
vided with a TBN of at least 8, preferably, within the range of about 9 to about 11, and more preferably, about 
10. 

Examples of components that are suitable for providing the required TBN in the additive composition of 
the present invention are overtsased metal sulfonates and over based phenates. The sulfonates are normal or 

45 basic metal salts of petroleum ("mahogany") sulfonic acids and long chain alkyi substitued benzene sulfonic 
acids. The phenates are normal or basic salts of alkyI phenols, alkylphenol sulfisides, and alkylphenol-aldehyde 
condensation products. A normal metal salt of an acid is a salt which contains the stoichiometric amount of 
metal required for the neutralization of the acidic group or groups present in the acid. A basic salt or overbased 
salt is a salt which contains more metal than Is required to stoichiometrically neutralize the acidic group or 

50 groups present. While both nonmal and overbased sulfonates and phenates provide detergent properties for 
lubricating oil compositions, the overbased or superbasic or hyperbasic salts provide unusually high detergent 
power and. consequently, have a much greater capacity to neutralize acidic contaminants than do the nomnal 
sulfonates and phenates. Typically an overijased sulfonate is pre pared by mixing a promoter, catalyst or solvent 
with a normal sulfonate and a larger excess of metallic base, followed by heating, carbonation and filtration. 

55 Carbonation of the reaction mass is accomplished conveniently with carbon dioxkie and is employed to Increase 
the amount of metal base colloidally dispereed as metal carbonate in the filtered product. Phenols, trioacids, 
of phosphorus, alcoholates. alcohols, ketones, and alkanolaminescan be used as promoters for catalysts. Typi- 
cal metallic bases are basic compounds of alkaline earth metals, such as calcium, barium, or magnesium. Over- 
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based metal sulfonates are discussed thoroughly in the prior art Examples of such art are: United Kingdom 
Patent Application GB 2.082,619A and U.S. Patents 2,865,956; 2,956,018; 2,671,430; 3,779,920; 3,907,691; 
4,137,184; 4,261.840; and 4,326.972. 

The overbased metal phenates are presented In the prior art Typical examples of the prior art are U.S. 

5 Patents 2,680.096; 3.036,917; 3,178,368; 3,194,761; 3,437.595; 3.464.910; 3.779.920; and 4,518,807. 

In a preferred embodiment of the present invention the reduced^phosphorus additive composition further 
comprises boron sufficient to provide within the range of from about 100 to about 600 ppm(wt) boron in the 
finished oil containing the additive composition of the invention. Optionally, the additive composition may con- 
tain an additional dispersant comprising at least on member of the group consisting of Mannlch and succinate 

10 ester-amide (SEA) dispersant in an amount sufficient to provide preferably up to about 5 wt% of the second 
dispersant in the finished oil. 

The succinate ester-amide dispersant can be prepared in accordance with techniques which have been 
disclosed in the art (See for example U.S. Patent No. 4,426,305) by reacting an aliphatic hydrocarbon substi- 
tuted succinic acid anhydride with an oxyalkylated amine. 

15 The long chain aliphatic hydrocarbon-sut)stituted succinic acid compound that is used in the preparation 

of the second dispersant can be obtained by reacting an ethylenically unsaturated dicarboxylic acid compound 
(acid or anhydride), such as maleic acid, maleic anhydride, or fumeric acid, with a suitable olefin or halogenated 
olefin at a temperature within the range of about lOO'^C to dOO^'C. An alkenyl or alkyi substituted succinic acid 
or anhydride is produced. The unsaturated groups in the alkenyl group can be removed by standard hydroge- 

20 nated techniques. The olefins or halosubstitued olefins contain from about 8 to about 500 carbon atoms, or 
more, and can include homopolymers and copolymers of monoolefins. such as ethylene, propylene, l-butene. 
isobutene, and the like. However, any of the techniques known in the art can be employed to produce this long 
chain succinic acid compound. 

The oxyalkylated amine suitable for reaction with the above described long chain aliphatic hydrocarbon r 

25 succinic acid compound can be prepared in accordance with known methods by reacting an alkylene oxide 
with an amine having primary or secondary amine groups. Suitable amines are alkylene diamines having the 
structure NHz-R-NH2. wherein R is an alkylene group having from 2 to 24 carbon atoms, such as ethylene, 1, 
2-propylene, trimethylene, hexamethylene, dodecamethylene, tetracosene, etc. Also suitable are the so-called 
polyalkyleneamines, sometimes referred to as alkylene polyamines or polyalkylene polyamines. These gener- 

30 ally have the structure H2N— (R-NH)nH, where R is an aliphatic hydrocarbon group containing about 2 to about 
4 carbon atoms and n is an integer from 1 to 6. Representative examples include ethylenediamine, 1,2-propy- 
lenediamine, 1.2-butylenediamtne. 1,3-propanediamine, diethylenetriamine. triethyfenetetramine. tet- 
raethylene pentamine (TEPA), etc. 

Suitable hydroxyalkylatlng reactants include halohydrins and vicinal epoxies (olefin oxides) having from 2 

35 to 4 cartx>n atoms in the alkylating agent such as ethylene oxide, 1, 2-propylene oxide, 1, 2-butylene oxide, 
2-chloro-l, ethanol, 2-chloro-l-propanol, 3-bPomo-l-prophanol, and 4-chloro-butanol. The hydroxyalkylating 
agents can be used in a concentration of about 2.0 to 6 moles per mole of amine, and hydroxyalkylation can 
be carried out under conventional conditions, i.e., by reactton at 50^C to 300°C for a period of time within the 
range of 1 to 10 hours. 

40 Subsequently, the long chain aliphatic succinic acid compound is reacted with the N-substituted hydroxy 

alkyI diamine under conditions that are normally employed in the art and at a temperature within the range of 
about O^C to about 250''C. A solvent, such as benzene, toluene, naphtha, lube oil. xylene, and normal hexane. 
can be used to facilitate the control reaction. 

As stated at>ove, the optional second dispersant may also be a Mannich dispersant Mannlch dispersiants 

45 made from hydrocart>on substituted phenols, formaldehyde and amines are well known in the patent literature. 
See U.S. Patent Nos. 3,413,347; 3.725.277; 3.368,972; 3.798,165; 3.697,574, and 4.426,305. These patents 
are Incorporated by reference. 

The optional second dispersant (Mannich or SEA) can be present in the lubricating oil composition in an 
amount within the range of at>out 0 wt % to about 5 wt%, preferably, within the range of about 0 wt% to about 

50 3 wt%. 

As stated above, the additive composition of tiie present invention preferably contains boron in an amount 
such that a lubricating oil containing an effective amount of the additive composition, will have a boron content 
within the range of about 100 ppm(wt) to about 600 ppm(wt) boron. The preferred boron level is about 150 to 
about 450 ppm(wt) in the finished oil. The presence of boron is preferred for the protection of fluorinated elas- 
55 tomer hydrocartX)n seals, and also enhances the anti-wear properties of the additive composition, especially 
where TBN Is supplied by high-based calcium sulfonate. The latter is known to deleteriously effect the wear 
protection afforded by zinc dialkyldithiophosphate. Provided a sufftcientiy low ratio of calcium to magnesium 
high base sulfonate is present in the additive formulation of the present invention, the presence of boron may 
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not be required. However in the additive formulation of the present Invention, boron is preferably present in an 
amount sufTicient to provide about 150 ppm(wt) to about 450 ppm(wt) in the finished oil. 

Boron may be Introduced into the additive composition in accordance with conventional techniques. For 
example, A boron compound, such as boron oxide, boron dihalides (boron trifluoride, boron tribromide, boron 

5 tricholoride), boron acids, such as tetraboric acid and metaboric acid, and simple esters of the boron acids, 
can be reacted with the succinlmide, SEA or Mannich dispersants discussed above at a temperature within the , 
range of about 50^C to about asO^'C, preferably from about 1 00°C to about 170*»C, with a sufficient concentration 
of boron compound to yield a boronated dispersant product containing at least 0.15% by weight boron (exc- 
luding lube oil). The boron compound can be reacted In a ratio within the range of about 0.1 to 10 moles of 

10 boron compound for equivalent of dispersant compound. The reaction can be canried out in the presence of 
diluent or solvent. Altematively, a portion of the succlnimide, Mannich or SEA dispersant intended for the addh 
tive composition of the invention may be segregated and heated with a boronating agent to introduce a higher 
level of boron than would be desired in the final dispersant This overboronated product can then be blended 
back into the unboronated dispersant to achieve the desired level of boron. 

IS The additive composition of the present invention may contain other additive components, such as viscosity 

index improvers, pour point depressants, and antioxidants. 

The additive composition of the present invention comprises a mixture of several additive components, 
some of which are mandatory and some of which are optional. This blend or mixture is prepared easily by intro- 
ducing one or more of the components into another component, it is not critical that a particular component be 

20 added to another particular component, i.e., there Is no particular sequence which must be used when adding 
the various components in preparing the blend. As noted hereinabove, the biend is a composition that will pro- 
vide antiwear and firiction retention properties to the lubricating oil to which It is added while minimizing the phos- 
phorus level in that particular lubricating oil composition. 

The additive composition of the present invention can be added to a petroleum oil or synethetic oil of lub- 

25 ricating viscosity to provide antiwear and friction retention properties while minimizing the amount of phos- 
phorus in the resulting lubricating oil composition. The additive composition of the present invention Is quite 
suitable for addition to a lubricant that is being employed in heavy duty vehicles, such as those used in military 
operations. Lubricating oil compositions containing the additive composition of the present invention provide 
suitable anti-wear and friction retention properties. In addition, they contain only a limited amount of phosphorus 

30 and, consequently, minimize the phosphorus content in the engine and thus extend the life of the catalyst in 
the catalytic converter of the automobile. Typically, the additive composition of the present Invention will be 
present in the lubricating oil composition in an amount that is within the range of about 9 wt% to about 12 wt%, 
based upon the weight of the lubricating oil composition. More particulariy, the additive composition is present 
In the lubricating oil composition in an amount that is within the range of about 10% to about 11 wt%, based 

35 upon the weight of the lubricating oil composition. 

The scope of the present Invention includes concentrates of the additive composition. Such concentrates 
are made up of about 90 wt% to about 10 wt% of an oD having lubricating viscosity. The concentrates contain 
the additive composition plus a suitable diluent. Typical diluents are inert diluents, preferably an oil of lubricating 
viscosity, so that the concentrate may be mixed conveniently with the lubricating oil that will make up the desired 

40 lubricating oil composition. Lubricating oils that are suitable as diluents typically will have viscosities that are 
within the range of about 35 Saybolt Universal Seconds (SUS) at lOO^F (38**C) to about 1,000 SUS at lOO^F 
(38®C). While any oil of lubricating viscosity can be used as the diluent for the concentrate of the present inven- 
tion, suitably, the oil of lubricating viscosity in the lubricating oil composition can be employed as the diluent In 
the concentrate. 

45 Lubricating oils that are suitable for use in the lubricating oil compositions and concentrates of the present 

invention are oils of lubricating viscosity and are either petroleum oils or synthetic oils. The petroleum oils can 
t>e paraffinic, naphthenic, or even halogen-substituted hydrocarbons. Typical synthetic oils are those compris- 
ing synthetlcesters, diester, ethers, polyolefins, or combinations thereof. These oils of lubricating viscosity will 
have viscosities that fall In the range of about 50 SUS to about 5,000 SUS at 1 0O^'F (38°C), preferably viscosities 

50 in the range of about 50 SUS to about 2,000 SUS at 1 0O^F (dS'^C), and more preferably, viscosities in the range 
of about 80 SUS to about 1,000 SUS at 100°F (38°C). 

Thus, in accordance with the present invention, there is also provided a lubricating oil composition, which 
lubricating oil composition comprises a major portion of an oil having lubricating viscosity In combination with 
a minor portion of an additive composition as described above. 

55 The following examples are being presented for the purpose of illustration only and are not intended to limit 

the scope of the present invention. 
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Example I 

A preferred embodiment of the lubricating oil additive composition of the present invention was prepared. 
This embodiment had the composition presented hereinbelow in Table I. This additive was then introduced into 

5 a Mid-East base stock. The resulting lubricating oil composition had an SAE grade of 15W-40. The additive 
composition made up 10.3 wt% of the lubricating oil composition, which had a TBN of about 10. The lubricating 
oil composition also contained 4.1 wt% Viscoplex 2-50 viscosity index improver obtained from Rohm-Damv 
stadt. The concentration of each of the components of the additive composition in the lubricating oil composition 
is also provided in Table 1. The additive composition contained 1,700 ppm(wt) boron, while the SAE 15W-40 

10 oil. Identified hereinafter as Sample No. 1 , contained 180 ppm(wt) boron. Furthermore, Sample No. 1 contained 
784 ppm(wt) phosphorus. The molar ratio of primary to secondary in the zinc dialkyldlthiophosphate was 4.4 

TABLE I 

iS PREFERRED ADDITIVE COMPOSITION 

Concentration (wt%) In 

Additive Component Additive Sample No> 1 

20 

Boron (ppm.wt.) 1700 180 
Succinimide Dispersant 56.80 5.85 
25 Zinc Dialkyldlthio- 
phosphate Wear Inhibitor 9.71 1.00 
(1°:2° molar ratio=4.4) 
High-Base Magnesium Sulfonate 

Rust Inhibitor 10.68 1.10 
High-Base Calcium Sulfonate 

Rust Inhibitor 6.79 0.70 
High-Base Sulfurized Calcium 

Phenate Inhibitor/Detergent 11.46 1.18 
Alkyl Diarylamine Oxidation 

Inhibitor 3.40 0.35 

lOON Base Oil 1^16 0-12 

100.00 10.30 

45 The SAE 1 5W-40 oil. Sample No. 1 , was subjected to various standard tests, which included the Sequence 

II D Test to evaluate antitrust properties: the Sequence HID Testto evaluate oxidation inhibition, oil consumption, 
and wear; the Sequence V-D Test to evaluate engine cleanliness and wear; the CRC L<38 Test to evaluate 
non-ferrous bearing corrosion and shear stability; the Caterpillar 1G2 Testto evaluate diesel piston cleanliness; 
the Caterpillar TO-2 Test to evaluate power shift transmission friction retention; the Detroit Diesel 6V-53T Test 

50 to evaluate piston deposits and wear, the Detroit Diesel Allison C-3/Frictlon Test to evaluate transmission fiio- 
tion retention; and the Detroit Diesel Allison C-3/Seals Test to evaluate seal compatibility. The results of these 
tests are presented hereinbelow In Table II. 
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TABLE II 

TEST RESULTS FOR SAE 15W-40 OIL SAMPLE NO. 1 



Test 



Evaluation 



Results 



CRC L-38 

Bearing wt loss 
(40 mg max) 



non-Fe corrosion pass 

5.6 



Sequence IID 

Avg rust (8.5 min) 



rust 



pass 
8.57 



Sequence HID 

Viscosity increase 

(375% max) 
Avg sludge [9.2 min) 
Piston varnish (9.2 min) 
Ring land face varnish 

(2.8 min] 
Oil cons (6.38 qt max) 
Wear 

Max (0.0080 in) 

Avg (0.0040 in) 



oxidation/wear 



pass 
144 



9.68 
9.42 
7.58 

3.47 

0.0014 
0.0007 



Sequence V-D 

Avg sludge (9.4 min) 
Piston varnish (6.7 min) 
Avg varnish (6.6 min) 
Wear 

Max (2.5 mil) 

Avg (1.0 mil) 



cleanliness/wear 



pass 
9 .52 
8.20 
8.67 

0.4 
0.3 
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Test Evaluation Results 

5 

Caterpillar 1G2 diesel cleanliness pass 

Top groove fill 62 
(80% max) 

Weighted total demerits 271 
(300 max) 



Caterpillar TO-2 power transmission pass 

Stopping time increase 

(15% max) 13.4, 12.8 



20 DD6V-53T scuffing pass 

Piston demerits (400 max) 259 

No. 2 & 3 ring demerits 3.3 
(13.0 max) 

25 

Liner scuffing (12% max) 3.9 



DDA C-3/Seals seal compatibility pass 



30 Buna OK 

Polyacrylate OK 
Silicone OK 

35 

DDA C-3/Friction transmission pass 

Time (0.86 sec max) 0.81 

Torque (75 Ib-ft min) 78 

40 Delta Torque (30 max) 13 



SAE 15W-40 Oil Sample No. 1, which contained a prefenred embodiment of the additive composition of 
the present invention, met all perfomiance criteria of the tests. It is parttculariy noteworthy that acceptable wear 
45 protection was provided in the Sequence HID and V>D Tests while acceptable performance was provided in 
the Caterpillar TO-2 and Allison C-3 Tests. Sample No. 1 is a prefen'ed embodiment of the lubricating oil compo- 
sition of the present invention. 



Example II 

Two other SAE 15W-40 oil formulations, which contained similar additive compositions, except for different 
amounts of the high-base magnesium sulfate rust inhibitor, were tested in a Sequence IID Testfor rust inhibition 
response. These two oil formulations are identified hereinafter as Sample No. 2 and Sample No. 3. The results 
of these tests are presented hereinafter in Table III. 
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10 



IS 



20 



25 



30 



TABLE III 

RUST INHIBITION RESPONSE FOR HIGH-BASE 
MAGNESIUM SULFONATE RUST INHIBITOR 

qAE 15W-40 inhibitor cone. Sequence IID, 

wt% AVQ Rust (1) 
Sample No. 3?^^ ^ 



1.10 ^'^"^ 
1.00 8.43 
0.92 8.30 

(1) 8.5 min is passing. 

These results demonstrate that a concentration of 1.10 wt% of this high-base magnesium sulfonate mst 
inhibitor w^^^^^^^^^ lubricating oii compositton to provide acceptabie Sequence liD performance. 

Example lii 

Three SAE15W-tO Oil formulations were comparedfortheiroxidation inhibition responses w 
to thl seauence IHD Test Sample No. 1 was the fomiulation presented in Table I hereinabove. Sample Na 4 
te?a sZar XosSn. but tSe alkyi diarylamine oxidation inhibitor was replaced by a «"«^"^^ 
ISwtoTin S^pte NO. 5. a North Sea base stock (less stable than the Mid-East stock) was employed. The 
results are presented hereinbelow in Table IV. 
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TABLE IV 
OXIDATION INHIBITION RESPONSE 



Sample No> 



10 



15 



20 



25 



30 



Alkyl diarylamine/ wt% 
Sulfurized oxidation 

inhibitor ,wt.% 
Mid-East base oil 
North Sea base oil 

Sequence HID Results 
Viscosity increase 

(375% max) 
Avg sludge (9.2 min) 
Piston varnish (9.2 min) 
Ring land face varnish 

(4.8 min) 
Wear 

Max (0.0080 in) 

Avg (0.0040 in) 



0,35 — 0.35 

0.80 



pass 
144 

9.68 
9.42 
7.82 



0.0014 
0.0007 



fail 
738 

9.64 
9.44 
7.65 



0.0080 
0.0018 



fail 
17,166 

9.56 
9.23 
7.03 



0.0034 
0.0012 



Neither Sample No. 4 nor Sample No. 5 provided acceptable Sequence HID oxidation Inhibition. Additional 
oxidation inhibitors would be required to obtain acceptable perfbmiance. 
35 in each sample, the mixture of primary zinc dialkyldithiophosphate and secondary zinc diaikyldithiophos- 

phate provided acceptable wear protection. 

Example IV 

40 The amount of bora ted succinimide dispersant was varied in additive compositions similar to that which 

was used In the Sample No. 1 . Each of the oil compositions containing one of these additive compositions was 
subjected to a Sequence V-D Test to obtain the gasoline engine deanllness response for that formulation. The 
results are presented hereinbelow in Table V. 
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TABLE V 

GASOLINE ENGINE CLEANLINESS RESPONSE 



Sample No> 

Succ in imi 6e, wt % 



8 



5.85 5,85 5.53 5.35 



Sequence V-D pass pass fail borderline 

Avg sludge 
(9.4 min) 



9.52 9.48 9.36 9.40 
8,20 7.81 7.82 7.91 



8.67 8.27 8.20 8.94 



Piston varnish 

(6.7 min) 
Avg varnish 

(6.6 min) 
Wear 

Max (2.5 mil) 0.4 0.5 0.5 0.5 

Avg (1.0 mil) 0.3 0.5 0.3 0.4 

When the amount of the dispersant was reduced, poorer Sequence V-D sludge protecUon resulted. How^ 
ever, acceptable wear protection was obtained in each test. 

Example V 

In this example, the preferred embodiments of the lubricating oB composition of the present invention. 
sJSe No lTnd Sample No. 6. were compared fbr diesel cleanliness to Sample No. 9. a «.mHar addi^e 
o^Sosition but with a different detergent, and Sample No. 4. a similar «<*«l'«-« ^•"Pl^'*'*'" ''•^JT'^^^ 
^tion inhibitor. The deferent detergent was a low base calcium sulfonate. TJe ^^ij.^^^^^^^ 
was a sulfurlzed oxidation inhibitor. The test method employed was the Caterpillar 1G2 Test The results are 
presented hereinbelow in Table Vt. 



14 



EP 0 277 729 B1 



TABLE VI 

DIESEL MACHINE CLEANLINESS RESPONSE 

Caterpiller 1G2 



Additive 
Composition 



Top Groove Weighted 
Sample No. Fill Total Demerits 



10 



IS 



20 



25 



30 



35 



Specification 

Invention 

Invention 

Option with different 
Oxidation Inhibitor 

Option with different 
Detergent 



1 
6 



80% max 
62 
54 

62 

78 



300 max 
271 
373 

258 

198 



Samples Nos. 1 and 6, embodiments of the lubricating oil composition of the present invention, passed 
the specification for top groove fill; however. Sample No. 6 did not provide an acceptable value for weighted 
total demerits. On the other hand, the latter sample provided a small top groove fill. Each of the other two sam- 
ples furnished acceptable diesel engine deanliness response. 

Example VI 

This example demonstrates the applicability of the additive composition of the present invention to a sin- 
gle-grade lubricant. Sample No. 10 employed an SAE 30 weight lubricating oil derived from the Mid-East base 
stock obtained from the British Petroleum Company. An Acryloid 150 pour point depressant obtained from 
Rohm & Haas was also a component of Sample No. 10. This sample was subjected to a Sequence V-D Test 
The results are presented hereinbelow in Table VII. Also shown in Table VII are the results obtained with Sample 
No. 1, which is a multigrade oil containing a preferred embodiment of the additive composition of the present 
invention. 



40 



45 



50 



55 



15 



EP 0 277 729 B1 



TABLE VII 

APPLICATION TO SINGLE-GRADE LUBRICANT 

Sample No. 1 Sample No. 10 
(SAE 15W'40) (SAE 30) 



Component 

Invention Additive 

Composition 
Viscoplex 2-50 
Acryloid 150 
Mid-East base stock 

Results from 

Seaiemce V-D Test 

Avg sludge (9.4 min) 
Piston varnish 

(6.7 min) 
Avg varnish (6.6 min) 
Wear 

Max (2.5 mil) 
Avg (1.0 mil) 



10.30 

4.10 
0.00 
85.60 

pass 

9.52 
8.20 

8.67 

0.4 
0.3 



10.30 

0.00 
0.20 
89.70 

pass 

9.63 
8.10 

8.64 

0.6 
0.4 



These results shown an acceptable Sequence V4) perfonmance for the single grade lubricating oil. 
Example VII 

Exxon Corporation, as a viscosity Index improver. 
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TABLE VIII 
MULTI-GRADE LUBRICANT PERFORMANCE 

Composition^ wt,% Sample No, 

1 11 



Additive Composition 
Viscoplex 2-50 
ECA-6911 
15 Mid-East base stock 



10.30 11.00 

4.10 0.00 

0.00 7.75 

85.60 81.25 



Test Results 



^ Sequence V-D pass pass 

Avg sludge (9.4 min) 9.52 9.54 

Piston varnish (6.7 min) 8.20 7.65 

Avg varnish (6.6 min) 8.67 8.39 
2« Wear 

Max (2,5 mil) 0.4 0.7 

Avg (1,0 mil) 0.3 0.5 



30 



35 



40 



Caterpillar 1G2 past 

Top groove fill (80% max) 62 

Weighted total demerits 271 
(200 max) 



pass 
55 
282 



Each of these embodiments of the lubricating oil composition of the present invention provided acceptable 
Sequence V-D test perfonnance and Caterpillar 1G2 test performance. 

Example Vlil 



Two additive compositions were prepared and were added to a Mid-East base stock to provide 15W-40 
grade lubricating oil compositions. One additive composition was an embodiment of the present invention and, 
45 when added to the base oil, resulted in lubricating oil Sample No. 12. The other was a prior art additive compo- 
sition and resulted In lubricating oil Sample No. 13. The primary to secondary molar ratio in the zinc dial- 
kyldithtophosphate for Sample No. 12 was 1.7. Samples 13, 14 and 15 contained only primary zinc 
dialkyldithiophosphate. 

Each lubricating oil composition was evaluated in Sequence HID, Sequence V-D, and KombI Tests for wear 
50 performance and in Caterpillar TO-2 and Detroit Diesel Allison C-3 (1 5-1 plates) Tests for friction perfonnance. 
The results of these tests are presented hereinafter in Table IX. 



55 
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TABLE IX 

COMPARISON OF FRICTION AND WEAR PERFORMANCE OF 
^ NEW AND PRIOR ART OILS 

Sam ple Nq> 12 Sample No. 13 

Composition 

10 noa 0.11 

Phosphorus r wt% ^^"^ 

Boron, ppm(wt) 

2DDP 1^:2^ molar ratio 

IS SEA dispersant 



20 



320 200 
1.7 all 1 



3 



TBN 



Sequence HID 
Max (0.0080 in) 
30 Avg (0.0040 in) 

Kombi 

Cam wear max (<3.0) 1-1 
avg (<1.5) 



40 Friction Performance 
Caterpiller TO-2 

Stopping Time Inc (15% max) 



50 



Sliptime (0.75 max) 
Torque (80 min) 

Delta Torque (30 max) 13 



o U 

Succinimide dispersant ^ 

10 10 



Wear Performance 
Sequence V-D 

0.9 



pass pass 

Max (2.5 mil) 



Avg (1.0 mil) 0-4 

pass pass 



0.003 0.006 
0.002 0.004 

pass pass 
2.0 



35 /^T->\ nfi 1.0 

Liner wear max {<1.2) 

avc (<0.5) 



0.6 1-3 
0.6 1-0 
0.2 0-2 



pass pass 
11, 13 10, 13, 15 



Detroit Diesel Allison C-3 

(15-1 plates) pass fail 



0.72 0.88 
60 
23 



55 
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TABLE IX 
(Cont'd) 

Sample No> 14 Sample No, 15 

Composition 

Phosphorus, wt% 0.11 0.11 

Boron, ppm(wt) 200 350 

2DDP 1°:2'' molar ration all I*' all 1*" 

SEA dispersant 5 5 

IS Succinimide dispersant 0 0 

TBN 10 10 



10 



20 



Wear Performance 

Sequence V-D Fail 

Max (2.5 mil) 3.0 

Avg (1.0 mil) 1.3 

25 Sequence HID — — 
Max (0.0080 in) 
Avg (0.0040 in) 

Kombi Fail Fail 

^ Cam wear max (<3.0) 2.8 2.4 

avg (<1.5) 1.8 1.6 

Liner wear max (<1.2) 0.7 0.5 

35 avg (<0.5) 0.2 0.1 

Friction PerEormance 

Caterpiller TO-2 — — 

^ Stopping Time Inc (15% max) — — 

Detroit Diesel Allison C-3 
(15-1 plates) 

^ Sliptime (0.75 max) — — 

Torque (80 min) — — 

Delta Torque (30 max) 



The SEA dispersant was prepared from propoxylated hexamethylenediamine and Indopd H-1500 
polybutenes obtained from Amoco Chemicals Corporation. The succinimide dispersant was also prepared 
using Indopol H-1500 polybutenes. 

These results demonstrate the superior wear performance and friction performance provided by the lub> 
55 ricating oil composition containing the embodiment of the additive composition of the present invention, i.e.. 
Sample No. 12. When compared to Sample No. 13, its wear performance was equivalent to that of Sample No. 
13 in the Sequence HID Test and better than that of Sample No. 13 in the Sequence V-D Test and the Kombi 
Test Furthermore, the friction performance of Sample No. 12 was equal to that of Sample No. 13 in the Cater- 
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10 



IS 



pillar TO-2 Test and better than that of Sample No. 13 in the Detroit Diesel A"ison C.3 Test 

In the additive composition of the present invention. 
Example IX 

base stock. The results are presented hereinbelov*^ in Table X. 

TABLE X 

ADDITIONAL FRICTION PERFORMANCE 



Sample No. 



14 



15 



16 



17 



20 



25 



30 



35 



40 



45 



50 



Component 

Viscosity index improver 
Succinate ester amide 
Succinimide 
Mannich 

Zinc dialkyldithiophosphate 

(l'':2'' molar ratio=l-7) 
High-base sulfurized calcium 

phenate 
Low-base calcium 

sulfonate 
High-base magnesium 

sulfonate 
High-rbase calcium 

sulfonate 
Alkyl diarylamine 
Diluent, SX-5W oil 
Boron, ppm(wt) 

PDA C-3 Test Results 
Slip Time {<0.85) 
Torque (>75 Ib-ft) 
Delta Torque (<30) 
Plate batch 



8.0 8*0 

2.90 

3.68 6.58 



8.0 8.0 
6.58 









6.58 


1.06 


1.06 


1.06 


1.06 


1.30 


1.30 


1.30 


1.30 


0.40 


0.40 


0.40 


0.40 


1.00 


1.00 


1.00 


1.00 


0.70 


0.70 


0.70 


0.70 


0.40 


0.40 


0.40 


0.40 


0.1 


0.1 


0.1 


0.1 


226 


226 


226 


226 


pass 


pass 


fail 


fail 


0.78 


0.78 


0.85 


0,91 


86 


84 


70.5 


60 


16 


12 


3.5 


49 


17 


17 


17 


17 
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Sample No. 


18 


19 


20 


Component 








Viscosity Index Improver 


8 • 0 


o • U 


o • U 


Succinate ester amide 




C CO 

D • bo 




Succinimide 


6.58 






Mannich 






6.58 


Zinc dialkyldithiophosphate 


1.06 


1.06 


1 .06 


(1 :2 molar ratio=1.7) 








High-base sulfurized calcium 


1.30 


1.30 


1 . 30 


phenate 








Low-base calcium sulfonate 


0.40 


0.40 


0.40 


High-base magnesium sulfonate 


1.00 


1.00 


1 .00 


High-base calcium sulfonate 


0.70 


0.70 


0 .70 


Alkyl diarylamine 


0 . 40 


0.40 


0 . 40 


Diluent, SX-5W oil 


0 . 1 


0 . 1 


0.1 


Boron, ppm(wt) 


226 


226 


226 


DDA C-3 Test Results 


fail 


fail 


fail 


Slip Time (<0.85) 


0.82 


0.81 


0.92 


Torque (>75 Ib-ft) 


66 


59 


49 


Delta Torque (<30) 


6 


19 


19 


Plate batch 


16 


16 


16 



Samples Nos. 14, 15 and 17 contained the additive composition of tlie present invention. Of these, only 
Sample No. 17 provided unacceptable friction performance. 

40 

Example X 

Additional lubricating oil formulations containing embodiments of the additive composition of the present 
invention were prepared and tested for wear performance in the Sequence HID and Sequence V-D Tests and 
45 for friction performance in the Detroit Diesel Allison C-3 Friction Test The results of these tests are presented 
herelnbelow in Table XI. The molar ratio of 1°:2'* in the zinc dialkyldithiophosphate to phosphorus from secon- 
dary zinc dialkyldithiophosphate Is about 3.9. 



50 
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TABLE XI 

ADDITIONAL EMBODIMENTS OF LUBRICANTS OF PRESENT INVENTION 



Sample No. 



Component, wt% 
Succinate ester amide 
Succinimide 

Zinc dialkyldithiphoshpate 
(1°:2*' molar ratio=3.9) 

Alkyl diarylamine 

High-base sulfur ized calcium 
phenate 

Low-base calcium sulfonate 



Sample No> 

High-base calcium sulfonate 
High-base magnesium 

sulfonate 
Diluent, SX-5W oil 
Sulfurized oxidation 

inhibitor 

TEN 

Phosphorus , ppm( wt ) 
Boron r ppm(wt) 

Wear Performance 
Sequence V-D 

Max (<2.5} 

Avg (<1.0) 
Sequence HID 

Max (<0.0080) 

Avg (<0.0040) 

Friction Performance 
DDA C-3 Friction 



19 


20 


21 


22 


2.3 


0 


0 


0 


2.7 


5.4 


5.4 


5.5 


0.9 


0.9 


0.9 


0.9 


0.8 


0 


0 


0.4 


1.2 


1.2 


1.2 


1.2 


0.4 


0.4 


0.4 


4 


19 


20 


21 


22 


0.6 


0.6 


0.6 


0.7 


0.9 


0.9 


0.9 


0.9 


0.1 


0.1 


0.1 


0.1 


0 


0.6 


0.5 


0 


10 


10 


10 


10 


700 


690 


710 


670 


180 


160 


165 


160 


pass 


pass 


pass 


pass 


0.6 


0.5 


0.5 


0.5 


0.5 


0.4 


0.4 


0.3 




pass 




- pass 




0.007 


0.0014 




0.003 


0.0007 






- pass — 
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The results of these tests show that the additive composition of the present invention provides acceptable 
wear performance and friction perfonmance at sut>stantially lower phosphorus levels and boron levels. In these 
tests, the Sequence V-D Test wear passes consistently. The Sequence HID Test wear was obtained for two of 
the lubricating oil compositions and acceptable in each case. The Detroit Diesel Allison C-3 friction perfonnance 

5 was obtained for Sample No. 21 and was found acceptable. 

The results of the above examples indicate that the additive compositions of the present invention are effec- 
tive in wear control while simultaneously accommodating friction response. The lubricating oils containing them, 
i.e.. the lubricating oils of the present invention, provide acceptable wear performance and friction performance 
while minimizing the amount of phosphorus in the engine emission system. 

10 As used herein I"" denotes primary and 2** denotes secondary. 



Claims 

IS 1 . An additive composition for addition to an oil of lubricating viscosity suitable for passenger car and heavy 

duty use comprising: (a) zinc diakyldithiophosphate having both primary and secondary character such that 
the primary to secondary ratio is 1:1 to 5:1, said mixed primary/secondary zinc dialkyldithiophosphate being 
present in the additive composition in amount such that a lubricating oil containing an effective amount of said 
additive composition has a phosphorus content of not greater than 0.1 wt %; (b) a succinimide dispersant in 

20 such amount that a lubricating oil containing an effecth/e amount of said additive composition will comprise at 
least about 0.5 wt % succinimide; (c) a boron content such that a lubricating oil containing said additive compo- 
sition contains at least 100 ppm (wt) boron; and (d) an effective amount of basic salts comprising high base 
magnesium sulfontes and high base calcium sulfonates such that a lubricating oil containing 9 to 12 wt percent 
of said additive composition has a TBN within the range of 8 to 12. 

25 2. An additive composition according to Claim 1, wherein said mixed primary/secondary zinc dial- 

kyldithiophosphate is present in the additive composition in amount such that a lubricating oil containing 9 to 
12 wt percent of said additive composition has a phosphorous conent within the range of 0.06 to 0.09%. 

3. An additive composition to Claim 2 wherein said mixed primary secondary zinc dialkyldithiophosphate 
is present in the additive composition in amount such that a lubricating oil containing 9 to 12 wt percent of said 

30 additive composition has a phosphorous content within the range of 0.07 to 008%. 

4. An additive composition according to any preceding claim having a boron content such that a lubricating 
oil containing 9 to 12 wt percent of said additive composition has a boron content within the range of 100 to 
600 ppm by weight of the oil. 

5. An additive composition according to Claim 4 wherein the boron content is within the range of 150 to 
35 350 ppm. 

6. An additive composition according to any preceding claim further comprising a dispersant which com- 
prises at least one member selected from succinate ester amide dispersants and Mannlch dispersants. 

7. An additive composition according to any preceding claim having a TBN such that a lubricating oil con- 
taining 9 to 12 percent of said additive composition has a TBN which is withing the range of firom 9 to 11. 

40 8. An additive composition according to any preceding claim wherein said succinimide is the reaction pro- 

duct of a polyalkylene polyamine and a long chain alkyi substituted succinic acid or anhydride. 

9. An additive composition according to Claim 8 wherein the polyalkylene polyamine is TEPA. 

1 0. An additive composition according to Claim 1 having a TBN, phosphorous and boron content such that 
a lubricating oil containing 9 to 12 wt percent of the additive compositton has a TBN of 9-11, a phosphorous 

45 content of 0.06 to 0.09 wt %, and a t>oron content of 150 to 450 ppm (wt), said additive further comprising a 
succinate ester amide dispersant 

1 1. A lubricating oil composition comprising a major portion of a base oil of lubricating viscosity In combi- 
nation with a minor portion of an additive composltton as claimed in any of Claims 1 to 10. 

50 

Patentanspruche 

1 . Additivzusammensetzung zur Zugabe zu einem Ol mit Schmierviskositat, geeignet fur Personenwagen 
und zur Verwendung im Hochleistungsbereich, umfassend: (a) Zinkdialkyldithiophosphat, das sowohl prim3re 
55 als auch sekundare Gruppen aufweist, wobei das Verhaltnis von primar zu sekundar 1:1 bis 5:1 ist, wobei das 
gemischt primare/sekundare Zinkdialkyldithlophosphat in der Additivzusammensetzung in einer solchen 
Menge vorhanden ist, da& ein SchmierdI, das eine wlrksame Mange der Additivzusammensetzung enthalt, 
einen Phosphorgehalt von nicht mehr als 0,1 Gewichtsprozent hat; (b) ein Succinimiddispersionsmittel in sol- 
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Cher Menge. daB ein SchmierSI. das eine wirksame Menge der Additivzusammensetzung "^^^^"^ 
etwa 0 5 Sewichtsprozent Succinimid untfaBt; (c) einen solchen Borgehalt. daB e.n Schm.erol das <1'^« Add'- 
ti^usammensetzung enthilt. mindestens 1 00 ppm (Gew.) Bor enthalt; und (d) eine wirksame Men9« ^as^sc^er 
Sze drhochbasfeche Magnesiumsulfonate «nd hochbasische Calciumsulfonate umfassen so daB em 
IchmierS. dS 9 bis 12 Gewichtsprozent der Additivzusammensetzung enthSlt. eine TBN im Bereich von 8 b« 

^Additivzusammensetzung nach Anspruch 1. wobei das gemischt P^'-^^^^'^^kundare ZinkdialMdfthi^ 
phosphat in der Additivzusammensetzung in einer soichen Menge vortianden fet. daB e.n Sch-^'^^ ''^^^ 
12 Gevrichtsprozent der Additivzusammensetzung enthilt, einen Phosphorgehalt .m Bere.ch von 0.06 b.s 0.09 

Additivzusammensetzung nach Anspruch 2. wobei das gemischt P;'"-^ ^^^r.^ ^^^^^^ 
phosphat in der Additivzusammensetzung in einer solchen Menge vorhanden «t daB e.n Schm.^^^^^ 

?2GLchtsprozent der Additivzusammensetzung enthalt. einen Phosphorgehalt .mBere.ch von 0.07 b« 
^ Addif^usammensetzung nach einem der vorhe-gehenden AnsprOche die 

daB eIn SchmierSI. das 9 bis 12 Gewichtsprozent der Additivzusammensetzung enthalt. emen Borgehalt .m 
Bereich von 100 bis 600 ppm, bezogen auf das Gewicht des Ois, aufweist 
^TAidSlsammens^u^gn^chAnspo^ 

6. Additivzusammensetzung nach eInem der vorhergehenden Anspruche, we.ter ""^^^^"^ 
sionsmVttel. das mindestens ein Giied. ausgewShlt aus SuccinatesteramlddlspersK,nsm«eln und MannKh- 

''%^.tr;:Ltarmtslung nach eInem der vorhergehenden AnsprOche. f einer solchen TBKd^^^ ein 
SchmierSI das 9 bis 12 % der Additivzusammensetzung enthalt. eine TBN .m Bereich von 9 bis 11 l^at 

T Tdditivzusammensetzung nach einem der vorhergehenden An^r J^^*;:' ^^^^ 
Reakttonsprodukteines Polyalkylenpolyamins und einer miteinerlangkethgenAlkylgruppesubstrtuierten Bem- 

steinsaureodereinesBemsteinsaureanhydridsist. „ , .. , , ^xcoAict 

9. Additivzusammensetzung nach Ansprxich 8, worin das Polyalkylenpolj^ nTEPAisl. 

10. Additivzusammensetzung nach Anspruchl.mit einer sdchen TBN und einemsolchenPhosp^^^^^ 
Borgehalt. daB ein SchmierSI. das 9 bis 12 Gewichtsprozent der Additivzu^mmensetzung ™J 
3 bis 11. einen Phosphorgehalt von 0.06 bis 0.09 Gewichtsprozent und e.nen Borgehalt von 150 b.s 450 
oom (Gew ) hat wobei das Additivweiterhin ein SuccinatesteraiddisperstonsmittelumfaBt 

Si mS^a^ammensetzung. die ais Hauptanteil ein Grundol mit Schmierviskositat in kombmafon mrt 
einem geringeren Anteil an Additivzusammensetzung nach einem der Anspruche 1 bis 10 umfaBt. 



Revendications 

1 Composition additive k addittonner d une huile de viscosity iubrifiante utilisable dans une automobile et 
pourunurag™nse.comp«nant:(a)undialkyldilhiophosphatedezincayantaiafoisun,^^^^^^ 
eue^nda!r? tel que le rapport primaire/secondaire soil de 1:1 a 5:1 . leditd^ 

tr^r^^^^re 6tant p'r^sent. dans ia composition additive, en une quantity telle ^^-"-J^'^^^^ 
Nontenant une quantit6 efficace de ladite composition additive ait une teneur en phosphore ne d6passant ^ 
~l%ri5ds: (b) un dispersantsucdnimide. en une quantity telle qu-u^ 

tite efS^^^e adile composition additive comprenne au moins 0.5% en poids de succm.mKle; (<;) ""^ 

en S^ftelle qu'une hulle Iubrifiante contenant ladite compositton additive contienne au mo.ns 100 ppm (en 

pidTde boi et (d) une quantity efficace de sels bask,ues comprenant des ^^^^J^ 

basif.6s et des sulfonates de calcium surbasifi6stelie qu'une huile Iubrifiante contenant 9 a 12% en poids de 

ladite composition additive ait un indice de base total dans le domame de 8 k 12. 

2. composition additive seion ia revendteatton 1 . dans laquelie ledit dialkyldrth.ophosphate de z nc mjxte 
primaire/secondaire est present dans la composition additive en une r„rrdn2Se de 

Untenant 9 a 1 2% en poids de ladite composition additive ait une teneur en phosphore dans le domains de 

°'°^3^ ?om°^)sition additive selon la revendlcation 2. dans laquelie ledit dialkyldithiophosphate de «nc mbcte 
primaire/secondaire est present dans la composition additive en une quantity telle qu une hu.le lubnfiante 
Sen^t 9 ^1 12% en poids de ladtte composition additive ait une teneur en phosphore dans le doma.ne de 

°'°^4^SS^?osition additive selon I'unequelconquedes revendications pr6c6dente^^^^ 

telle qu'une huile Iubrifiante contenant 9 d 12% en poids de ladite composition additive ait une teneur en bore 
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dans t'intervaile de 100 ^ 600 ppm en poids de I'huile. 

5. Composition additive seion la revendication 4. dans laquelle la teneur en bore est dans le domaine de 
150d 350 ppm. 

6. Composition additive selon Tune quelconque des revendications pr6c6dentes, comprenant, en outre. 
5 un dispersant qui comprend au moins un 6l6ment choisi panml les dispersants de type ester-amide succinate 

et les dispersants de Mannich. 

7. Composition additive selon Tune quelconque des revendications pr6c6dentes, ayant un indice de base 
total tel qu'une huile lubrifiante contenant 9 d 12% de ladite composition additive ait un indice de base total 
compris dans le domaine de 9 d 1 1. 

io 8. Composition additive selon Tune quelconque des revendications pr^dentes, dans laquelle ledit suo- 

cinimide est le produit de reaction d'une polvalkyldne-polyamine etd'un acide ou anhydride succinique subs- 
titu6 par un groupe alkyle d chatne tongue. 

9. Composition additive selon la revendication 8, dans laquelle la polyalkyl^ne-polyamine est la TEPA. 

10. Composition additive selon la revendication 1 , ayant un indice de base total, une teneur en phosphore 
IS et une teneur en bore tels qu'une huile lubrifiante contenant 9 k 12% en poids de la compositton additive ait 

un indice de base total de 9-11, une teneur en phosphore de 0,06 k 0,09% en poids et une teneur en t)ore de 
150 d 450 ppm (en poids), ledit additif comprenant, en outre, un dispersant ester-amide succinate. 

11. Composition d'hulle lubrifiante comprenant une proportion majeure d'une huile de base de viscositd 
lubrifiante en combinaison avec une proportion mineure d'une composition additive selon Tune quelconque des 

20 revend icattons 1 . d 1 0. 
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